Bacterial and archaeal 16S rRNA genes of density-resolved community DNA were amplified 23 with the primer pairs BACT8F [5'-AGA GTT TGA TYM TGG CTC-3'; (Loy et al., 24 2002)]/BACT907R [5'-CCG TCA ATT CMT TTG AGT TT-3'; modified after (Muyzer et al., 25 1995) ] and AR109F/AR912RT (Lüders and Friedrich, 2002) , respectively. DNA was 26 denatured at 94°C for 2 min followed by 23 cycles of denaturing (94°C, 30 s), primer 27 annealing (54°C Bacteria, 55°C Archaea, 1 min) and elongation (72°C, 1.5 min) and a final 28 10 min extension at 72°C. 29 PCR amplification of dsrAB-fragments (ca. 1.9 kb) was performed using the primer mix 30 DSR1F and DSR4R (Wagner et al., 2005) . DSR1F and DSR4R primer mixes were 31 complemented by the following primers: DSR1Fe (5'-GTT CAC TGG AAA CAC G-3'), 32 DSR1Ff (5'-AGC CAC TGG AAA CAC G-3'), DSR1Fg (5'-GGC CAC TGG AAA CAT G-33 3'), DSR1Fh (5'-GGC TAT TGG AAG CAC G-3'), DSR4Rf (5'-GTA TAG CAR TTG CCG 34 CA-3'), DSR4Rg (5'-GTG AAG CAG TTG CCG CA-3'). All non-degenerated primer variants 35 were present in equimolar ratios in the respective primer mixes. For amplification a 36 touchdown PCR protocol was used and all PCR reactions were initiated by a 'hot-start ', i.e., 37 by adding DNA polymerase after the initial 3-min denaturation step (95°C). Amplification 38 proceeded by 10 cycles of denaturing (95°C, 30 s), primer annealing (58-48°C, decreasing by 39 1°C per cycle, 30 s) and elongation (72°C, 1.5 min) followed by a standard PCR program 40 with 25 cycles at an annealing temperature of 48°C and a final 10 min extension at 72°C. 41
To specifically amplify dsrAB of Desulfosporosinus spp., primers were constructed on the 42 basis of a comprehensive database including ca. 2,000 publicly available dsrAB sequences as 43 well as the dsrAB sequence of Desulfosporosinus strain DB (Karnachuk et al., 2009) , which 44 was determined in this study. The primer pair DSR339F (5'-TGC TGY GTT GGA CCA GG-45 3')/DSR868R (5'-CAC CAT TCC CAR ATG CG-3') was constructed to target dsrA of the 46
Desulfosporosinus/Desulfitobacterium group. The lowest specific annealing temperature for 47 the newly designed primer pair was determined using the pure cultures Desulfosporosinus 48 orientis (DSM No. 7439) and Desulfosporosinus strain DB as template in a gradient PCR 49 (48-61°C annealing temperature) as well as Escherichia coli as a negative control. In all 50 subsequent PCRs, DNA was denatured at 94°C for 5 min followed by 35 cycles of denaturing 51 (94°C, 1 min), primer annealing (59°C, 1 min) and elongation (72°C, 1.5 min) and a final 10 52 min extension at 72°C. 53
Terminal restriction fragment length polymorphism (T-RFLP) analysis was performed as 54 described previously (Kittelmann and Friedrich, 2008) . Briefly, the same PCR conditions 55 were used as described above except that primers BACT8F, AR912RT, and DSR1Fmix were 56 FAM-labeled (6-carboxyfluorescein). Purified PCR products (100 ng) of 16S rRNA genes 57 were digested either with MspI (37°C, Bacteria) or TaqI (65°C, Archaea). Purified dsrAB-58 PCR products (100 ng) were digested with MboI (37°C) and additionally in a double digest 59 with MspI and MboI (37°C). Subsequently, desalting with Sephadex G50 SS (Sigma-Aldrich) 60 and mixing of 4 µl digest with 10 µl Hi-Di formamide (Applied Biosystems) and 0.25 µl of 61 Rox-labeled Map Marker 1000 ladder (Bio-Ventures, Murfreesboro, TN, USA) was 62 performed. Then, samples were denatured for 3 min at 96°C, cooled immediately on ice, and 63 analyzed on an ABI 3130 XL genetic analyzer (Applied Biosystems). Electrophoresis 64 parameters were chosen according to the ABI program Fragment Analysis 50POP7. To avoid 65 over-saturated T-RF signals, which would affect relative peak heights, great care was taken to 66 avoid overloaded sequencer capillaries. Lengths of T-RFs were calculated by comparison 67 with the molecular size marker and with selected clones representing the major T-RFs, using 68 the Peak Scanner ™ software (version 1.0, Applied Biosystems). 69
Cloning and phylogenetic analysis 70
Cloning of 16S rRNA gene and dsrAB fragments was performed using the TOPO TA cloning 71 kit (Invitrogen) and the TOPO XL cloning kit (Invitrogen), respectively, according to the 72 manufacturer's instructions. Aligned sequences were checked for possible chimeras by 73 phylogenetic analysis (see below) of independent 5'-and 3'-end sections of the respective 74 sequences generated by splitting the sequences into halves (Ludwig et al., 1997) ; two 75 chimeras were identified in the dsrAB clone libraries and excluded from further analysis. 76
Categorization of retrieved sequences into operational taxonomic units (OTUs) was 77 performed using the DOTUR software package (Schloss and Handelsman, 2005) . The ARB 78 software package [www.arb-home.de; (Ludwig et al., 2004) ] was used for phylogenetic 79 analysis. For 16S rRNA genes, sequences were aligned against the ARB database SILVA 96 80 using the SINA Webaligner (Pruesse et al., 2007) . To compare the clone libraries from 81 incubations with and without sulfate, phylogenetic trees were constructed by the neighbor 82 joining algorithm using a 50% alignment conservation filter as deduced from all publicly 83 available bacterial 16S rRNA gene sequences. In addition, a consensus tree representing 16S 84 rRNA gene clones of the labeled Desulfosporosinus sp. was constructed from individual trees 85 calculated by distance matrix (using FITCH with 7 global rearrangements and randomized 86 input order of species), maximum-likelihood, and maximum-parsimony (500 bootstraps) 87 algorithms using the 50% conservation filter for Bacteria. 88
For comparative dsrAB analysis, sequences were aligned against a comprehensive database 89 including ca. 2,000 publicly available dsrAB sequences. For phylogenetic inference of 90 deduced DsrAB amino acid sequences, insertions and deletions were removed from the data 91 set by using a suitable alignment mask (indel filter), which resulted in 524 amino acid 92 positions for comparative analyses. Distance matrix (using FITCH with 7 global 93 rearrangements and randomized input order of species), maximum-likelihood (using 94
MOLPHY with JTT-f as the amino acid replacement model), and maximum-parsimony (500 95 bootstraps) algorithms were used as provided in the ARB software package to determine the 96 phylogenetic relatedness of the retrieved DsrAB sequences. A consensus tree was constructed 97 from the individual trees obtained with the different algorithms using the distance matrix tree 98 (FITCH) as a template. Clone libraries from samples with different treatment were analyzed 99 for significant differences in amplicon composition using the software package UniFrac (Lozupone and Knight, 2005) and a phylogenetic tree based on the FITCH algorithm (see 101 above). The coverage of the hypothetical gene pool by the clone libraries was calculated by 102 the method of Good (Good, 1953; Singleton et al., 2001) . 103
Quantitative PCR analysis 104
For each qPCR assay, PCR conditions including annealing temperatures and primer 105 concentration were optimized. Reactions were performed in triplicates in an iCycler (Bio-106 Rad) using the Platinum ® SYBR ® Green qPCR SuperMix-UDG (Invitrogen), fluorescein (10 107 nM), bovine serum albumine (5 µg µl -1 ), 5 ng of template DNA, and the following primer 108 end-concentrations: DSP603F (1.00 µM) and DSP821R (0.75 µM); 1389F (0.75 µM) and 109 1492R (1.00 µM). Thermal cycling was carried out by an initial denaturation step at 95°C for 110 5 min, followed by 40 cycles of denaturation at 95°C for 40 sec, annealing at 64°C 111 
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Stable isotope probing 130
In the 2-month control incubations without sulfate, two bacterial populations were 131 predominantly present in the 'heaviest' PCR-amplifiable fractions but were absent or 132 underrepresented in the incubations with sulfate. These were Azospirillum spp. (T-RF 130 bp) 133 and representatives of Acidobacteria subgroup 3 (150 bp). In addition, the 'heavy' fractions of 134 both incubation setups shared three major populations, which belong to the Acidobacteria 135 subgroup 1 (T-RF 95 bp), Acidaminococaceae (T-RF 292 bp), and Telmatospirillum spp. (T-136 RF 439 bp) (Fig. 2, Table S1 ). and the 13 C-incubations, indicating that Acidobacteria were not labeled or that only 143 subpopulations got labeled (Fig. 2, Fig. S3 ). Cultured relatives of the retrieved clones among 144 the labeled Acidaminococacceae and Telmatospirillum spp. are known fermenters, e.g., of 145 lactate, and have been isolated from subsurface environments and peatlands before (Sattley et 146 al., 2008; Shelobolina et al., 2007; Sizova et al., 2007) . On the other hand, Azospirillum spp. 147 are typically microaerophilic N 2 -fixers and to the best of our knowledge have not been 148 reported to be active under anoxic conditions so far (Hartmann and Baldani, 2006) . 149
In addition to the 140-bp T-RF (Desulfosporosinus sp.), a smaller T-RF at 110 bp was 150 detected exclusively in the 'heavy' fractions in the 2-month incubation with sulfate. Cloning of 151 bacterial 16S rRNA gene-PCR products revealed that the 110-bp T-RF represents an 152 Acidocella sp. (Alphaproteobacteria), with its closest cultured relative being Acidocella 153 aluminiidurans (98-99% sequence similarity). A 13 C-label incorporation into the Acidocella 154 sp. is very likely, since the 110-bp T-RF was absent in the 13 C-control without sulfate as well 155 as in the 12 C-control of non-incubated pristine peat soil. A sulfate reducing consortium of a 156
Desulfosporosinus strain and an Acidocella strain has been reported from a glycerol degrading 157 fermenter at pH 4 (Kimura et al., 2006) . In that study, the Acidocella strain did not grow 158 anaerobically or reduced sulfate in pure culture but increased in cell number when co-cultured 159 with the Desulfosporosinus strain under sulfate reducing conditions (Kimura et al., 2006) . 160
However, in our 6-month incubations the T-RF characteristic for Acidocella sp. appeared in 161 the heavy fractions of the incubation with and without sulfate (Fig. S5) 
Comparative dsrAB analysis of 'heavy' SIP fractions 167
A previous study on the investigated peatland has shown that several other sulfate reducers 168 also occur in this ecosystem and some of them might represent new taxa as indicated by the 169 retrieval of novel deep-branching lineages of the functional marker genes dsrAB [encoding 170 subunit A and B of the dissimilatory (bi)sulfite reductase] (Loy et al., 2004) . To include these 171 organisms in our analyses, clone libraries harboring a ca. 1.9 kb dsrAB-fragment were 172 constructed from the same 'heavy' fractions as done for the 16S rRNA gene analysis. In total, 173 84 and 68 dsrAB-positive clones were analyzed from the incubations with and without sulfate, 174 respectively. Since dsrA and dsrB are phylogenetically congruent (Klein et al., 2001) , each 175 clone was sequenced first for the leading dsrA sequence and grouped into operational 176 taxonomic units (OTUs) using a 90% amino acid sequence identity threshold (Kjeldsen et al., 177 2007) . Representatives of each OTU were sequenced for their complete dsrAB insert and 178 subjected to phylogenetic analysis. In total, 22 OTUs were identified with 21 OTUs belonging 179 to novel deep-branching peatland soil dsrAB phylotypes (Fig. 6, Table 2 ). Only OTU 12 was 180 distantly related to Thermosinus carboxydivorans (83% amino acid sequence identity). 181 Interestingly, only one OTU (OTU 2) included a dsrAB sequence of previously identified 182 deep-branching dsrAB phylotypes (Loy et al., 2004) . In addition, of the 61 partial dsrA 183 sequences retrieved previously from a neighboring peatland (Schmalenberger et al., 2007) 184 only two clustered with OTU 14 and one clustered with OTU 22. This clearly demonstrates 185 that the diversity of these novel deep-branching peatland dsrAB lineages was so far largely 186 undersampled. 187
Clone libraries from incubations with and without sulfate were highly similar to each other 188 with respect to dominant OTUs (Table 2) . Differences in clone abundance (OTU 19, 22, and 189 29) and presence/absence of minor OTUs 20, 25, 30, and 32) were not 190 significant as revealed by UniFrac significance analysis (p-value 0.3). This result was 191 corroborated by a dsrAB T-RFLP screening of the PCR-amplifiable fractions of the 2-month 192 incubations (Fig. S7A) . T-RFLP profiles from incubations with and without sulfate were 193 dominated by a single T-RF at 131 bp. Comparison to the clone libraries and a T-RFLP 194 screen with a different combination of restriction enzymes (MboI instead MspI + MboI, Table  195 2) unequivocally identified this T-RF to represent Schlöppnerbrunnen OTU 14 and 15, with 196 OTU 14 being 3-5 times more abundant in the 'heavy' fractions of incubations with and 197 without sulfate (Fig. S7B) . Contrary, the complementary dsrAB T-RFLP profile from 198 unincubated pristine peat soil (SIP fraction of 1.719 g ml -1 ) was dominated by OTU 15 with a 199 T-RF ratio of OTU 14/OTU 15 equal to 0.7. This either indicates 13 C-label incorporation into 200 members of OTU 14 and/or a specific decline of OTU 15 (e.g., by phage-induced lysis or 201 starvation) in both incubations setups, with and without sulfate. 202 Fig. S1 . The minerotrophic fen Schlöppnerbrunnen II (B) was used as a model habitat for peatlands in this study and is situated in the Fichtelgebirge Mountains in northeastern Bavaria, Germany (A, indicated by the red arrow). The studied peatland is part of a long-term experimental field site in the German-Czech border region and was exposed to extensive acid rain and sulfur deposition during the time of intensive soft coal burning in Eastern Europe (Berge et al., 1999; Moldan and Schnoor, 1992) . Soil cores used for SIP incubations were sampled in November 2007 (C). The topographic map was drawn with GeoMapApp (www.geomapapp.org). Table S1 . Fig. S5 . T-RFLP fingerprinting of density-resolved bacterial 16S rRNA genes from the 6-month incubations in the presence and absence of sulfate. Lengths of major T-RFs and CsCl buoyant densities of each fraction are indicated. The range of 'heavy' fractions that yielded no PCR product is indicated above the T-RFLP profiles. Fig. S6 . T-RFLP fingerprinting of density-resolved bacterial 16S rRNA genes from the 2-week incubations in the presence and absence of sulfate. Lengths of major T-RFs and CsCl buoyant densities of each fraction are indicated. The range of 'heavy' fractions that yielded no PCR product is indicated above the T-RFLP profiles. Table 2 ). Only SIP fractions covering the range of detectable 13 C-label incorporation on the 16S rRNA gene level were re-analyzed for their dsrAB content. (B) T-RFLP analysis with two different restriction enzyme combinations of 'heavy' SIP fractions from incubations with sulfate (2-month incubation), incubations without sulfate (2-month incubation), and non-incubated peat soil from the same depth (10-20 cm, 12 C-control). In combination, these T-RF patterns reveal that the 131-bp T-RF originates from OTU 14 and 15. CsCl buoyant densities are indicated. No detected T-RFs were longer than the displayed range of 1000 bp.
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